We investigated occurrence, transport pathways, and effects of polybrominated diphenyl ether (PBDE) flame retardants and other endocrine disrupting chemicals (EDCs) in aquatic media and the foodweb in the lower Columbia River. In 2009 and 2010, foodweb sampling at three sites along a gradient of contaminant exposure near Skamania (Washington), Columbia City (Oregon) and Longview (Washington) included water (via passive samplers), bed sediment, invertebrate biomass residing in sediment, a resident fish species (largescale suckers [Catostomus
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• Several contaminant classes were detected at all sites and in nearly all largescale sucker tissues sampled.
• Contaminant concentrations were highest in fish livers, followed by brain, stomach, gonad, and fillet.
• Contaminants in sediments, fish tissues, and osprey eggs increased moving downstream along an exposure gradient.
• Contaminant concentrations exceeded environmental quality benchmarks in some cases. • Biomagnification of BDE47, 100, 153, and 154 occurred in largescale suckers and osprey eggs.
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Introduction
The Columbia River is the principal source of hydroelectric power and water for irrigation and municipal uses in the Pacific Northwest and is invaluable as a scenic-recreational area and tribal fishery. The river has been extensively altered and its habitat, wildlife, and fisheries must deal with physical stresses such as increased water temperatures, excessive dissolved gases, diminished summer flows, and loss of fish rearing habitats. Further, the biota is also subjected to physicochemical stresses from contaminants discharged in agricultural and urban stormwater runoff. There is an urgent need to investigate the vulnerability of the Columbia River foodweb to the quantity, spatial patterns, transfer, and accumulation rates of chemicals of emerging and legacy concern (Naiman et al., 2012) .
For the last few years, the U.S. Geological Survey (USGS) has been conducting a study of contaminants in the lower Columbia River (LCR) and their effects on parts of the foodweb. This work, dubbed the Columbia River Contaminants and Habitat Characterization (ConHab) study, has focused on areas within the LCR below Bonneville Dam (RM 146.1) . This is the largest remaining free-flowing reach and supports a variety of culturally significant anadromous and resident fish populations and other aquatic and terrestrial organisms. The Willamette River basin, where about 2.5 million people -roughly two-thirds of Oregon's population -reside, joins this reach of the river. As such, the river in this area is heavily urbanized and severely altered. Several fish species in the area are First Foods for Native American populations (CRITFC, 2011) that depend on these resources and are disproportionately exposed to fishborne contaminants due to their high fish consumption rate (ODEQ, 2008a,b) .
In the early 2000s, concentrations of polybrominated diphenyl ether (PBDE) flame retardants doubled in fish in the upper Columbia River every 1.6 years (Rayne et al., 2003) . These chemicals inhibited osprey reproduction in terms of young produced per nest and concentrations in eggs increased rapidly, with the highest concentrations in downstream areas (Henny et al., 2009 (Henny et al., , 2011 . Flame retardant chemicals are widespread in the LCR and in juvenile salmon tissues, especially near urban and industrial areas (LCREP, 2007) . In some species of vertebrates, PBDEs alter thyroid function, reduce sperm counts, and delay sperm maturation by interfering with androgen synthesis (Kuriyama et al., 2005) . Contaminants of emerging concern (CECs), which include PBDEs, are present in many waters of the U.S. (Kolpin et al., 2002; Focazio et al., 2008) , including effluent reaching the Columbia River (Morace, 2012) and in sediments of the LCR , and some of those compounds accumulate in fish tissue (Brooks et al., 2005; Ramirez et al., 2009; Schultz et al., 2010) .
The interdisciplinary ConHab study investigated the chemical fate and effects of multiple contaminant classes in aquatic environmental media and in several levels of the foodweb in the LCR. Previous studies have attempted to link contaminant concentrations with effects in fish in large aquatic systems, including the Mississippi River Basin (Schmitt, 2002) , Rio Grande Basin (Schmitt et al., 2005) , Columbia River Basin (Hinck et al., 2006a) , Yukon River Basin (Hinck et al., 2006b) , the Colorado Basin (Hinck et al., 2007) , and San Francisco Bay (Brar et al., 2010) , among others. The primary objective of the ConHab study was to sample representative members of the foodweb at sites with a chemical exposure gradient and use biomarkers to assess physiological effects of contaminants on organisms to investigate links between environmentally relevant chemical concentrations and organism health. This paper specifically addresses fish tissue chemical concentrations and bioaccumulation up the trophic levels sampled.
Site description
The ConHab study focused on the lower tidally influenced portion of the Columbia River from Bonneville Dam, the lowermost dam on the Columbia, to the mouth (Fig. 1) . Contaminants can enter the lower Columbia River from many sources, including municipal and industrial permitted discharges, atmospheric deposition, urban and industrial nonpoint pollution, and runoff from agricultural and forested areas (Fuhrer et al., 1996; LCREP, 2007) . In addition to inputs from the lower Columbia region, contaminants may also be transported to the lower river from areas of known contamination above Bonneville Dam, e.g., the Yakima (Fuhrer et al., 2004) and Snake (Clark et al., 1998) Rivers.
The three areas selected for detailed foodweb investigations in 2009 and 2010, from highest to lowest contaminant levels, were the Columbia River near Longview (river mile 66), near Columbia City (river mile 82), and near Skamania (river mile 140). The sites were located far enough apart to avoid feeding range overlap between sites. The Longview site is located in the heart of the Port of Longview, and is influenced by the Cowlitz River (Fig. 1) . On the Oregon side at this location, effluent from two local wastewater-treatment plants (WWTPs) enters the Columbia River upstream and downstream of the Longview sampling area. The Columbia City site is bracketed by two small Oregon cities, St. Helens on the upstream end and Columbia City on the downstream end. The Multnomah Channel drains into the Columbia River at the upstream end of this site. The WWTP at St. Helens serves only 10,000 people but has a fairly large design flow (45 million gallons per day) because of the paper mill aeration pond collocated with the treatment plant. Lake River, which receives much of the stormwater runoff from Vancouver, Washington, via Vancouver Lake, enters the Columbia River just upstream of the Multnomah Channel. The Skamania site is the most upstream site. It is located just downstream of Bonneville Dam and it is upstream of the urban areas of Portland and Vancouver. Because of past studies showing lower levels of contamination at this site (Fuhrer et al., 1996; Morace, 2006; Johnson et al., 2006) , it was chosen as a lower-exposure reference site for the study. There are no known inputs of potential contamination near the site except for what may be delivered from upstream.
Materials and methods
Collection, shipment, and storage of samples
Sampling equipment was free of materials that might leach interferences, absorb compounds of interest, or potentially contaminate or degrade the tissue samples. Field-sampling procedures followed those typically used to collect samples for trace organic compound analyses (Ward and Harr, 1990; Lane et al., 2005) . Some of the compounds that were determined in this study are also found in commonly used products, such as soaps, electronics, and textiles; therefore, precautions were followed to avoid contamination (Lewis and Zaugg, 2003) .
The sampling tools were cleaned with Liquinox® and methanol before each sample was collected to prevent cross-contamination between samples. Tissue and sediment samples were stored in certified organics-free (I-CHEM® brand) jars. Samples were frozen in the field as soon as possible after collection and shipped on wet or dry ice via overnight service to the USGS National Water Quality Laboratory (NWQL) in Denver, CO where they were analyzed for several organic contaminant classes.
Largescale suckers were sampled by electroshocking on 4-7 May, 2009, and on 3-5 May, 2010. In 2009, 16 individual males were collected in Skamania, 15 males in Columbia City, and 15 males in Longview; in 2010, 15 males were collected in Skamania, 14 males in Columbia City, and 15 males in Longview. Fish were euthanized using MS-222 (tricaine methane sulphonate; Cat. No. E10521, SigmaAldrich, St. Louis, MO, USA) and dissected on site to provide tissues for several different analyses (Jenkins et al., 2014-in this issue; Torres et al., 2014-in this issue) .
For fish tissue contaminant analyses in 2009, gonad, brain, fillet, stomach, and liver tissues were dissected from male fish and analyzed. Male fish were the major focus of contaminant analyses because males may be more susceptible to certain contaminants than females (Lema et al., 2008; Muirhead et al., 2006) . To contain costs while still assessing different tissue types, like tissues from fish caught at each site were composited and homogenized before analysis; therefore, each data point is a composite of organs from all fish caught as described above. In 2010, only livers were analyzed from each male fish collected at each site. This was done to allow statistical comparisons of liver contaminant burdens between sites and since concentrations were highest in livers in 2009. Classes of target compounds included selected fire retardants, anthropogenic waste indicator (AWI) compounds (e.g., triclosan and methyl-triclosan), pesticides, and others (Appendix A, Table A1 ).
Sediments were collected in 2009 from each field site using a depthbased generalized random tessellation stratified (GRTS) sampling pattern (Stevens and Olsen, 2004) on each of five transects within the site. Samples from each transect were composited to limit analytical costs. Benthic invertebrates were picked from each composited sediment sample, and then sediment organic matter (SOM) targeted for chemical analysis was separated from the bulk sediment using a 64-micron sieve. The sediment sampling design and results are described in detail elsewhere (Counihan et al., 2014-in this issue) .
At each study site, a single protective canister containing three SPMDs was deployed for a period of 30 days. The SPMDs were processed according to established procedures including dialytic recovery of the sequestered analytes, enrichment/fractionation using size exclusion chromatography, and fractionation using adsorption chromatography (Alvarez et al., 2008 (Alvarez et al., , 2012 Huckins et al., 2006) . Detailed methodology was described by Alvarez et al. (2014-in this issue) .
One partially incubated osprey egg was randomly collected from each of 5 nests within each study site to determine contaminant concentrations. Collection procedures were described in detail by Henny et al. (2011) . Egg analysis was described in detail by Gauthier et al. (2008) . Remains of fish collected from nest sites indicated that largescale suckers were the dominant prey species (Henny et al., 2011) .
Laboratory analysis of fish tissue and sediment
All samples received at the NWQL were frozen at − 20°C and thawed just prior to sample preparation. All tissue samples were thoroughly homogenized using a blender specially fitted with glass, stainless steel, and Teflon® parts. A laboratory reagent/sand blank and a spiked sample were prepared with each set (up to 10 environmental samples), and 50 μL of surrogate solution (see Appendix A) were added to each sample. Spike samples were fortified with 100 μL of solution containing all the method compounds at 2 nanograms per gram. The compounds of interest (see Appendix A, Table  A1 ) were extracted from 0.5 to 1.5 g of homogenized tissue sample (by wet weight), or 5 to 10 g of homogenized sediment sample (by wet weight) using a pressurized liquid extraction (PLE) system (Dionex ASE ™ 200, Sunnyvale, Calif., USA). The sample extracts were prepared similarly to the procedure outlined by Burkhardt et al. (2005) . PLE settings, extract cleanup procedures, surrogate spiking solution, and internal standard solutions are described in Appendix A.
The method compounds were separated in sample extracts by capillary column gas chromatography (GC) and detected by negative ion mass spectrometry (MS), with ammonia as the reaction gas, using selected ion monitoring (Agilent Technologies, Model 5975 GC/MS; see Appendix A for GC and MS conditions). Sample results are reported in nanogram per gram for tissues on a wet weight basis and for sediments on a dry weight basis. The qualitative identification of compounds detected by the mass spectrometer can be verified, although not necessarily reliably quantified, at concentrations less than the method quantitation limit. Any such detection is reported as an estimated concentration only (Appendix C).
Quality assurance/quality control
The final method as well as the environmental samples was validated against a comprehensive set of performance-based quality control parameters including laboratory blanks, matrix spikes, replicate samples, and surrogate recovery. Laboratory blanks analyzed as part of this study for tissues and sediments (N = 7) consisted of reagent grade sand carried through the extraction, cleanup, and analysis steps. Recoveries in laboratory-spiked samples (N = 6) for method validation ranged from 45 to 156% for fish tissue, 33 to 126% for invertebrate tissue, and 46 to 179% for bed sediment (Appendix A). Mean recoveries of surrogates in these method validation environmental samples were 71%, 102%, and 85% for fish tissue, 77%, 70%, and 69% for invertebrate tissue, and 74%, 96%, and 79% for bed sediment for dibromooctafluorobiphenyl, DDT-d 8 , and PCB 202-13 C 12 , respectively.
Thirty percent of samples were run in replicate and RSDs for compounds detected in multiple repeat measures of a sample were 23% for pesticides, 13% for polychlorinated biphenyls (PCBs), and 17% for PBDEs. Where replicates were analyzed, measureable concentrations of compounds were detected in both replicates. Equivalent blanks, matrix spikes, and all other laboratory QC procedures were followed in both years. The limit of detection (LOD) was calculated as the amount of analyte in the spiked sample that produced a signal greater than three times the background signal. Method detection limits (MDLs) were determined for each compound (Table A1 ) by spiking 7 replicates of representative sediment with a mixture of the compounds fortified at 0.1 nanogram per gram and 8 replicates of representative tissue with a mixture of the compounds fortified at 0.5 nanogram per gram. For each set of spiked samples, the sample standard deviation was computed and the MDL calculated from the following formula:
where S standard deviation of replicate analyses, in nanograms per gram, at the lowest spike concentration; n number of replicate analyses; and t (n−1, 1−α = 0.99) Student's t-value for the 99-percent confidence level with n− 1 degrees of freedom.
Statistics
Numerical comparisons of concentrations measured on composite tissue samples at each site in 2009 were based on calculated relative standard deviations (RSDs) based on laboratory method variability. Contaminant concentrations in individual fish livers collected in 2010 were not normally distributed and were transformed to log base 10. Non-detections were assigned a value of zero and a constant of 1.0 was added to each concentration before determining the log to avoid zeros and values less than one. Calculated means of the normalized values were analyzed by one-way ANOVA for each contaminant. Significant F values were followed by the Tukey-Kramer honestly significant difference test to identify specific differences between the sites (Appendix B, Table B1 ). We performed all statistical analyses using JMP Release 7 software (SAS Institute, Inc., Cary, NC), and the accepted level of significance for all tests was p b 0.05. The extreme studentized deviate test was used to identify outliers (extreme studentized deviate [ESD] Z = absolute value [mean-value] / standard deviation, where the critical Z for N = 15 is 2.55; Barnett and Lewis, 1994) .
Calculations
Biomagnification factors (BMFs) and biota-sediment bioaccumulation factores (BSAFs) were calculated as follows for BDE47, 100, 153, and 154, which had frequency of detection sufficient to facilitate comparisons between different media and trophic levels. PCBs were detected at all sites in nearly all organs tested. These contaminant concentrations generally showed an increasing trend moving downstream, with lowest concentrations for most contaminants in Skamania fish and highest concentrations in Longview fish (Fig. 2) . Chemical concentrations were highest in livers, followed by brain, stomach, gonad, and fillet. The PBDE congeners most frequently detected and at the highest concentrations were BDE47 > 100 > 154 > 153. Fish tissue analysis provides bioavailable concentrations that are closer to the site of toxic action than concentrations in water or sediment (i.e., the tissue-residue approach [Meador et al., 2008] ), and comparisons to available benchmarks provide relevant context for the concentrations measured. Environmental quality guidelines do not exist for all of the chemicals analyzed in this study. The U.S. Food and Drug Administration (FDA) established deleterious substance guidelines for human health for some of the compounds (U.S. FDA, 2001). All of the chlorinated pesticides and PCBs analyzed in this study were well below the established FDA guidelines for human health. However, several compounds exceeded Oregon Department of Environmental Quality (ODEQ) acceptable tissue levels (ATLs) for carcinogens in fish tissues for human consumption and/or wildlife consumption (Table 1 ). The ΣDDT exceeded ODEQ ATLs for chemicals in whole fish consumed by wildlife (specific to egg development in osprey and eagles) in most tissues at all sites. The ΣDDT concentrations also exceed the ATLs for carcinogens in fish fillet for human consumption in many tissues, including fillet at all sites. The ΣPCB concentrations exceeded the ATLs for carcinogens in fish fillet for human consumption in many tissues at all sites, including fillet at Columbia City.
Acceptable tissue levels have not been calculated for PBDEs, although PBDEs may have the potential for toxicity similar to PCBs due to their similar chemical structures (Pijnenburg et al., 1995; de Boer et al., 1998; Eriksson et al., 1998) . Similar toxicological effects have been shown in mammals (Hallgren et al., 2001) , and PBDEs can also affect hormone levels in the thyroid and cause reproductive (Kuriyama et al., 2005) and neurological (Ibhazehiebo et al., 2011) effects. The PBDE concentrations were lower than PCB concentrations in nearly all tissues at Skamania and higher than PCB concentrations in all tissues at Columbia City and Longview (Table 1) . Concentrations of PBDEs in fish fillet at Columbia City and Longview were comparable to those measured in fish fillets in the Lower Columbia River in 2005 (Johnson et al., 2006) and higher than at most other Columbia Basin sites sampled in 2005 (Johnson et al., 2006) . The ΣDDT concentrations were comparable; while PCB concentrations were within the low end of the range measured in largescale suckers by Hinck et al. (2006a) . Chlordane and dieldrin concentrations in our study were lower than those measured previously in largescale suckers in the Columbia River (Hinck et al., 2006a) .
In parts of the developing world -East Asia, for example -PDBE concentrations in the environment have continued to increase in recent years (Wang et al., 2007; Moon et al., 2012) . In contrast, PBDE concentrations in the Pacific Northwest may have begun to decline (Henny et al., 2011) , likely due to the phase out of several commercial formulations, although more data is needed to confirm this trend. Our results do not unequivocally reflect a decrease compared to earlier data. More trend information could be gained by repeating sampling several years into the future.
PBDE bioaccumulation in 2009
Bioaccumulation and biomagnification of chemical contaminants adversely affect key species and foodwebs (Naiman et al., 2012) . Although the major results of the sediment and osprey portions of the study are described elsewhere (Counihan et al., 2014-in this issue; Henny et al., 2011) , we will consider bioaccumulation and biomagnification between trophic levels here. Not all compounds analyzed in this study had a frequency of detection sufficient to facilitate comparisons between different media and trophic levels. In 2009 only PBDEs were analyzed in osprey eggs. The brominated flame retardants were widely detected and were selected to compare across media and trophic levels. Concentrations were higher at the downstream sites than at the upstream site (Table 2) , as was observed in previous studies (Johnson et al., 2006; Henny et al., 2011) . Concentrations of PBDE congeners were slightly lower in benthic invertebrate biomass than in SOM. Van der Oost et al. (1988) found PBDEs at lower concentrations in plankton and mollusks than in sediment, whereas PBDEs have been shown to bioaccumulate in benthic invertebrate biomass in a receiving environment dominated by municipal wastewater effluent (Dinn et al., 2012) . Our results reflect biomagnification of PBDE congeners 47, 99, 100, 153 and 154 occurring in the foodweb. The congener with the highest concentration in SOM, fish tissue (based on averaged concentrations measured in 5 tissues), and osprey eggs was BDE47, followed by BDE99 in SOM and osprey eggs, and BDE100 in fish tissues. Biotransformation of PBDEs occurs in fish, is species-specific (Wang et al., 2007; Echols et al., 2013) , and may contribute to differences in congener concentration patterns. Bioaccumulation at all levels of the foodweb occurred to a greater degree at the downstream sites compared to upstream site (higher BSAFs at Longview and Columbia City), whereas BMFs were higher at Skamania owing to the relatively lower fish concentrations (Table 2 ). In wastewater treatment plant effluent from 12 cities in the Columbia River basin, PBDE congeners 47, 99, and 100 were detected most frequently and at the highest concentrations (Morace, 2012) , indicating one possible pathway for the delivery of these compounds to the system. In previous studies, biomagnification of 9 PBDEs, including BDE47, 99, 100, 153 and 154 was shown to occur in a lake in China (Hu et al., 2010) , while a study of another lake in China found biomagnification of only BDE47, 100, and 154 (Wu et al., 2009) , and in a Canadian freshwater foodweb only BDE47 and BDE 206 were found to biomagnify (Law et al., 2006) . Differences in PBDE biomagnification in published studies likely owe to species-specific metabolism of PBDEs and/or differences in food chain complexity, study site habitat characteristics, and use patterns, among other factors.
In contrast to our results showing biomagnification of PBDEs in the lower Columbia River, several compounds, including BDE66, BDE183, PCB101, fipronil sulfide, pentachloronitrobenzene, and triclosan, were detected in SOM but not detected in invertebrate biomass or in fish tissues (Appendix C), possibly indicating that these compounds are being metabolized and/or are not bioaccumulating in this foodweb. Although neither triclosan nor methyl triclosan was detected in tissues in this study, these compounds have been shown to bioaccumulate at other sites (Miyazaki et al., 1984; Balmer et al., 2004) . As expected based on chemical characteristics, concentrations of PBDEs in water as measured by passive samplers were lower (range ND-1.1 ng L −1 ; Alvarez et al., 2014-in this issue) than those detected in tissues. As other studies have noted, it is important to consider multiple environmental compartments and trophic levels when assessing contaminant impacts (Mizukawa et al., 2009 ).
Chemical concentrations in fish liver tissues 2010
One sample from Skamania was an outlier for all measured contaminants by the ESD test (see Section 2.3 above). Excluding this sample, 11 compounds had statistically different concentrations between sites (Appendix B, Table B1 ). Ten of these 11 compounds had higher concentration for at least one of the downstream sites compared to Skamania (Fig. 3) . Lowest concentrations of PCBs were found at Skamania and PCB concentrations were similar at Longview and Columbia City. Skamania had lower PBDE concentrations than Longview and there were congener-specific differences between Skamania and Columbia City and Columbia City and Longview. Concentration patterns for pesticides and degradates were similar to those for PBDEs, that is, concentrations were lower at Skamania than Longview and there were compound-specific differences between sites.
There are many potential sources of these compounds in the urbanized areas around Columbia City and Longview. For example, anthropogenic waste indicator compounds were detected more frequently and at relatively higher concentrations in treatment plant effluent from Longview than from other cities tested in the Columbia River basin in a previous study (Morace, 2012) . Parasite infestation in males analyzed for this study followed the pattern of PDBE concentrations increasing downstream (Torres et al., 2014-in this issue) and it has been shown that PBDEs can compromise immune response in salmonids (Birchmeier et al., 2005) with resulting higher incidence of disease (Arkoosh et al., 2010) . Reproductive parameters, including spermatozoan mitochondrial function, viability, apoptosis, and ATP, also showed impairment at the downstream site(s) relative to the upstream site; several parameters, including motility, apoptosis, and ATP were significantly negatively correlated with various contaminant concentrations (Jenkins et al., 2014-in this issue). 
Comparison of fish tissue concentrations in 2009 and 2010
The different sampling strategies used in 2009 and 2010 each had strengths and weaknesses. The 2009 sampling provided information about concentrations in different fish tissues, as well as allowing assessment of biomagnification in trophic levels; however, the 2009 data did not allow statistical comparisons between sites or to the biomarker data. The 2010 data allowed for statistically robust comparisons, but did not allow the same extent of determination of environmental relevance since benchmarks for wildlife consumption of fish are based on whole body concentrations and those for human consumption are based on fillet. An ideal design would include multiple tissues, abundant sample sizes for males and females, and multiple trophic levels over multiple years. However, the logistical and financial realities nearly always necessitate consideration of the trade-offs. In this case, each year's sampling provided unique information.
Liver tissue concentrations can be compared for 2009 and 2010 since livers were analyzed in both years. The inter-site differences in concentrations were not as pronounced in 2010 as in 2009 (Fig. 4) . Concentrations for the contaminant categories were more similar between sites in 2010, although 11 chemicals were statistically different between sites, as discussed above. Several factors would need to be further investigated to explain the annual differences, but one possible inference from our data is that hydrologic conditions may play a role in organismal contaminant burden and biomagnification on shorter timescales than expected. For instance, above normal precipitation occurred during the spring of 2010 (Sandvik and Seiders, 2012) , and Skamania received roughly twice the rainfall of Columbia City and Longview (Alvarez et al., 2014-in this issue) . Precipitation differences and associated runoff appear to have influenced trends in contaminant concentrations in water at these sites (Alvarez et al., 2014-in this issue) . Our tissue data may suggest that year-to-year changes in contaminant body burden could also be influenced by hydrologic conditions. Confirmation of this scenario would require estimation of tissue (liver) residence times for the various contaminants.
Comparison to chemical concentrations in water as measured by passive samplers
The site trends in estimated contaminant concentrations in water averaged over a 30-day period as measured using passive samplers (Alvarez et al., 2014-in this issue) do not always follow the trends observed in fish tissues (Figs. 4 and 5) , sediment (Counihan et al., 2014-in this issue) , and osprey eggs (Henny et al., 2011) . This likely reflects several factors. One is that passive samplers are effective at integrating contaminant exposure over time, but are spatially constrained to a small point within the foodweb areas, whereas sediments were collected from many locations within each area, and fish move throughout the area. Also, fish generally bioaccumulate contaminants consumed through their diet more readily (Morrison et al., 1997) than by direct uptake from water and sediment. Largescale suckers are bottom feeders, so it follows that fish tissue concentration patterns are similar to those in sediment. These different patterns in the media tested highlight again the importance of assessing multiple environmental compartments and levels of the foodweb for a more accurate understanding of contaminant presence, fate, and potential effects.
Conclusions
Numerous organochlorine pesticides, both banned and currentuse, including hexachlorobenzene, pentachloroanisole, ΣDDT, chlorpyrifos, and oxyfluorfen, were measured in multiple media and levels of the foodweb at three sites in the lower Columbia River. Biomagnification of PBDE flame retardants occurred in largescale suckers and osprey eggs. BDE47 was the most prevalent PBDE detected in water, sediments, fish tissues, and osprey eggs, but not in invertebrate biomass. Hydrologic conditions may affect fish contaminant body burden and biomagnification. Use of passive samplers in large river systems may require deployment of multiple devices to resolve spatial heterogeneity. Assessing multiple environmental compartments and trophic levels facilitated assessment of physiological effects of contaminants in the foodweb.
